For the complexity and application diversity of medical CT image, this article presents a medical CT Image enhancing algorithm based on Gaussian Scale Mixture Model for wavelet coefficient in the study of wavelet multiscale analysis. The noisy image is firstly denoised in auto-adapted Wiener filter. Secondly, through the qualitative analysis and classification of wavelet coefficients for the signal and noise, the wavelet's approximate distribution and statistical characteristics are described, combining GSM(Gaussian scale mixture) model for wavelet coefficient in this paper. It is shown that this algorithm can improve the denoised result and enhanced the medical CT image obviously.
Introduction
Along with the application of computer technology in medical field, the CT and MRI are considered as important clinical diagnosis and treatment. The noise in the image process is, however, inevitable in gaining medicine CT, that resulting white noise, shot noise and thermal noise. This noise affects the collected image's quality, especially damaging the structure and the content of the image, as well as the correlation between pixels. This is not conducive to further image analysis and causes a certain degree affecting doctor's diagnosis accuracy. Therefore, how to enhance the important features of the image and suppress the production of the noise has become one of the focuses in the study area of medical image processing.
In recent years, with the rapid development of wavelet theory, wavelet is widely used in many fields as a powerful analytical tool. Chang and Vetterli [1] model the wavelet coefficients as a generalized Gaussian distribution. They use the neighborhood model to estimate the variable parameters and denoise CT image by setting a threshold value for each wavelet coefficients. Jiang S [2] proposed a hybrid Fourier-Wavelet image denoising method to improve the denoising results. In this paper, using the relationship between the wavelet coefficients within layers and the coefficients between layers of wavelet transform, that combining with characteristics of wavelet coefficient base on GSM, as well as the characteristics of medical images and image and the nature of noise, considering the correlation of wavelet coefficients between signal and denoise, the noise and wavelet coefficients can be classified of the CT image. Of a new statistical model based on wavelet coefficients, GSM, the establishment can enhance image denoise, and achieve an effective suppression of noise and resort important feature of the enhancing image. Thus, the enhanced medical image is realized and the visual effect of medical images is improved.
Using GSM of wavelet coefficients to enhance of medical image
In order to reduce the level of image noise while not to unduly distort the original image, according to actual case, the medical images are denoised and enhanced based on GSM Model of wavelet coefficients as shown in Fig.1 . First of all, based on the wavelet domain adaptive Wiener filter to denoising, combining correlation between noise and signal of the wavelet coefficients, a qualitative analysis can be made for the wavelet coefficients, as well as a classification of the coefficients. That is the wavelet coefficients is divided into these two categories, significant coefficients and insignificant coefficient. And then quantitatively recover the meaningful coefficients by GSM model based on wavelet coefficients.
On the other hand, make a contraction of the meaningless coefficient. The steps are described as (1) obtaining the noise the wavelet transform coefficients with wavelet transform of those noisy images,(2)useing the adaptive Wiener filter to estimate the signal variance and noise variance accordingly as to achieve better noise reduction of the wavelet transform coefficients, (3) using the GSM model to modify the wavelet coefficients to access further to obtain the estimation of wavelet transform coefficients of the denoised image, and (4) transforming the modified wavelet coefficients to an inverse to obtain an enhanced image after noise reduction. 
Enhance low-frequency component based on wavelet auto-adapted Wiener filter
To enhance low-frequency components is to remove noise in order to get a better visual effect for medical image. Considered the application circumstance, the auto-adapted Wiener wavelet method is selected for this study. In the image enhancement algorithm based on wavelet scope auto-adapted Wiener filter, the traditional Wiener wavelet is applied within the wavelet multi-scale analysis. This paper induces the algorithm into the low frequency components image enhancement as show in Fig. 1 . The wavelet parameters are adjusted auto-adaptively according to its partial covariance. If the partial covariance is smaller, the image wavelet smoothness effect will be better. After enhancing the image, the noise of medical image is removed more effectively and the primitive image visage is kept better with this algorithm than those traditional algorithms.
Wiener filter is an optimum value in the minimum mean square error signification, but the precondition is that the statistics properties of image signal and noise should be known and in application the signal variance and noise variance should be pre-estimated, too. The performance of the wavelet scope autoadapted Wiener filter largely depends on and values, where the more accurate is, the better noise removing will be. According to this law, a new improved algorithm is promoted for the medical image enhancement. In this algorithm, if the approximate weight "A" of low-frequency component is obtained from the multi-scale wavelet analysis, the value of or would be estimated initially. On the other hand, if the noise value is zero (blank noise), should be estimated from a partial mean value of noised image which can be generated by the subtraction between two adjacent frames as shown in Formula 1, and could be expressed by estimate of the partial covariance and its neighbor threshold value according to the size of auto-adaptable selective rectangular as shown in formula 2. Finally, on the basic of the construction of estimated values and , the low-frequency component weight is enhanced by the auto-adapt Wiener filter transform based on wavelet scope as shown in Formula 3.
Based on the estimate of signal covariance 
is wavelet coefficient for the enhanced low-frequency components, HA (i, j) is the low-frequency containing noise component and E is mean value for the partial wavelet coefficient. The size of partial neighbor area can be selected as 3 3 or 5 5 and so on, according to the image statistic characteristics.
The establishment of image noise and the statistical model of wavelet coefficients
First of all, according to the image noise and useful signal to model the statistical characteristics of the establishment of speckle wavelet coefficients and wavelet coefficients of the backscattering component of the statistical model, the prior probability of the statistical model is used to estimate the wavelet coefficients.
a) speckle statistical modeling of wavelet coefficients In medical image denoising, the probability density function (PDF) is
Where P R (x) is the statistical distribution, x is the random variable and it means the speckle noise amplitude, is the attenuation parameter of statistical distribution. Normally, speckle wavelet coefficients n is in positive and negative symmetric distribution. Then the PDF function may be expressed by n U a n a n n U a n a n n p n (3)
b) statistical model of wavelet coefficients of backscattering component
For W (k) is on behalf of wavelet coefficients of the backscatter component, the simplest modeling is constructed by Gaussian distribution. However, W (k) has a non-Gaussian feature which is similar to the wavelet coefficients in the actual medical CT images. The sub-band coefficients in the details of images are essentially symmetric distribution around zero and it forms a peak at zero, and also has a long heavy tail. So the W (k) is described by Laplace distribution. Its probability density function is
Since Laplacian model is also known as the double exponential model and its distribution function only has a parameter the edge standard deviation), a simple mathematical expression yields the estimated solution.
GSM-based statistical model of wavelet coefficients
Given a random vector x is composed by the wavelet coefficient which is a local area of original medical image, the statistical model for the random vector x is u z X (5) Where means an approximate equation to the probability distribution, u is a random vector of covariance matrix of Gaussian random, z is a scalar multiplier factor, ) (z is the probability distribution density. This formula describes the GSM model for the probability model. Through this equation, the probability distribution density of random vector x is expressed by
Where N denotes the dimension of random vectors x and u. if it is without loss of generality, given (z) = 1, then Cx equals u C . If x means the random vector which composes the wavelet coefficients in the local neighborhood images, the GSM model can be used to describe the image statistical properties of wavelet transform coefficients. For the p (x) in (6) is center symmetry in zero and an appropriate probability distribution density p (z) is selected, p (x) has a high peak value in zero and also has a long trailing. So the coefficients which is in the center of local neighborhood is as the random vector x. Therefore, it is very suitable to describe the probability statistical distribution of the wavelet transform coefficients and the statistical characteristics of random vectors by GSM statistical model. Fig.2 (a) is the medicine liver spleen of the CT primitive image. The picture size is 479*342 pixels. The gradation level scope is 0 to 255. The background of the entire picture is dark. The noise interference is great and the image edge is blurry. In the image it is discovered that the edge contour between liver and spleen is not obvious because of the existence of the noise. In order to test the enhancement effect of this algorithm to the medicine image, four traditional algorithms, such as the histogram balanced enhancement, the smooth enhancement, the edge peaking enhancement algorithm and the wavelet soft threshold value enhancement algorithm, have been applied to the Fig. 3(a) [6] . Figures from Fig.2 (b) to (f) are the algorithms of contrast tradition image enhancement. In Fig.2 (b) the traditional histogram balanced enhancement is used. But the image is bright in whole, which causes the detail to partially blur and affects the picture visual effect. Fig.2 (c) is smooth enhancement processing, but the processed image including its edge is a little fuzzy, which results the non-clearness of the edge of the liver cyst as well as the nonperfect partial contrast of gradient enhancement effect. In Fig.2(d) , the edge peaking enhancement is used, but after processing the ration of the signal to noise of the image is even lower. After the peaking, the noise and the stripe of the image are enhanced, which causes the visual effect of the image even to be less ideal. In Fig.2(e) the wavelet soft threshold value enhancement algorithm is used. Although some of the noise can be removed with this algorithm, the enhancement partial contrast gradient is less clear and some detailed characteristics such as the edge counter is not obvious as well. Fig.2 (f) uses GMS Model algorithm enhancement, which is proposed in this paper. It is obvious that the detail of the image edge counter is clear after enhancement and the level feeling is strong. The noise of image has been removed remarkably as well. From the comparison of these images shows that the use of the algorithm proposed in this article can enhance the ratio of the signal to noise comparing with the traditional algorithms, and results an obvious enhancement in the partial contrast gradient and a very good noise removing effect. Simultaneously, the picture important detail of the image is obviously enhanced. This article proposes an algorithm, which bases on a GMS model of wavelet multi-scale for image enhancement. After analyzing statistical model of noise and signal, and through a qualitative analysis and classification of wavelet coefficients and using the relationship between domain layer and between layers of wavelet transform, the correlation is studied between those wavelet coefficients. On the basic of reconstruction of this model, of the model parameters are estimatee reasonablely further. Simultaneously, the medical image is denoised by the GMS Model which is proposed in this paper. The experimental result indicates that this algorithm not only can enhance the detailed characteristics of CT image such as edge counter, but also can reduce the noise more effectively than those traditional algorithms. It is resulted a distinct improvement of the visual effect of an enhanced image and facilitating the analysis diagnosis for doctors based on the enhanced image.
Result and discussion

